INTRODUCTION
Renewable fuels and especially biofuels are key to achieve the reduction of the carbon footprint in the transports sector that will continue to rely on internal combustion engines in the transition step toward the new mobility modes.
Previews work highlights the need to develop a new methodology to assess the techno-environmental convenience of biorefinery processes also considering the availability of raw material (biomass) in the same Region of the biorefinery plants [1] .
Advanced biofuels are strongly supported by the recent European regulation Renewable Energy Directive II (RED II). They include bioethanol, biomethane, biodiesel, aviation biofuels, and they have to be produced by a sustainable feedstock [2] .
Biomass feedstock represents one key issue in determining the final biofuels cost and overall sustainability. In fact, one of the main challenges of a bio-based economy is the high transportation and handling costs resulting from the biomass heavy bulk load and low energy density and the high processing costs as compared to conventional fuels. To compete with fossil fuels, biomass should be available directly where it is transformed to fuels and where fuels are used.
Biomass that does not compete directly with the food industry should be used, like agricultural and forest residues [3] . Despite this, often biorefinery systems (e.g. lignocellulosic biorefineries, biogas plants, etc.) are hindered by local populations as these plants are seen as a potential source of pollution [4] .
Several works aim to assess a techno-economic analysis of biorefineries producing liquid fuels (i.e., ethanol) [5] , solid fuels (i.e., pellet) [6] , chemicals (i.e., levulinic acid, succinic acid) [7] . Other works aim to assess supply chain optimization [8] for the biomass-biorefineries. Bioethanol is the most used biofuel. Few biorefineries capable of transforming residual lignocellulosic biomass into ethanol are currently running throughout the world [9] . These second-generation biorefineries are limited due to the high investments they need in the case of small sizes (below 400,000 t/y of feedstock). On the contrary, however, large biorefineries require high quantities of biomass that cannot be obtained within a short supply chain. Use of locally available feedstocks is expected to reduce the CO2-emissions.
Alternatively, biomethane is a gaseous biofuel, that can be produced by anaerobic digestion of organic wastes that represent an attractive renewable carbon source from both economic and environmental point of view [10] . Biomethane is obtained through the upgrading of biogas, namely a mixture of methane and carbon dioxide with minor quantities of nitrogen, hydrogen sulfide and volatile organic compounds.
Depending on the process conditions, the CH4/CO2 molar ratio ranging from 1.1 to about 2.5. Biogas may be used as fuel in internal combustion engines although it rises several technical/environmental concerns.
Many studies use the LCA methodology to evaluate the environmental performance of the biofuels processes [11] [12] [13] [14] . In this context, Martinez-Hernandez et al. [15] proposed a simplified environmental impact analysis tailored to aid on the design and decision making process for biorefineries system to achieve environmental objectives. The methodology can provide process insights by making use of linear relationships between mass/energy flowrates and environmental parameters. The effectiveness of the method and its straightforward incorporation into the process synthesis steps makes it an interesting choice for process evaluation tool.
In this work, a methodology to estimate the environmental impact (or savings) of biofuels is proposed for the use of local straws to produce biofuels in the Basilicata region. Two reference scenarios are considered 1) Conversion of straw in a novel biorefinery producing second generation bioethanol;
2) delivery of straw to the existing anaerobic digestion plants to increase the biomethane production. The CO2 equivalent reduction in 2 cases has been estimated. estimating
METHODS
This section reports the process configurations investigated in this study and the methodology used to assess and analyze each case. The commercial software Aspen Plus TM V.10 was used for process simulation. Straw was considered in the analysis because this biomass is the most abundant in the Basilicata Region (about 400 kt/y). Table 1 shows the biomass composition considered in this work. For the case of bioethanol production available straw was obtained through the ENEA's national Atlas of biomass. The biomass availability referred to 2017 and was calculated from the annuals grains productivity in the ISTAT census. The overall biomass potential was then multiplied by 0.4 accounting for the need to leave roughly 60% of biomass on the fields [16] . For the case of biomethane production, 20 biogas plants already existing in Basilicata were considered ( Table 2) . Table  3 shows the OFMSW composition considered in this work. In this case, available straw was fed to the plants after a chemicalphysical pretreatment facilitating the microbial conversion to biomethane the second-generation biogas is produced from lignocellulosic biomass derived from agricultural waste, forest waste, municipal and industrial waste, and non-edible plants such as grass and aquatic plants. Moreover, all these resources share the characteristic that they are formed from non-food resources [17] .
Several lignocellulosic biomass pretreatments can improve the methane yield by anaerobic fermentation [17] . Steam Explosion of corn stover or straw was studied by Lizasoain et al. [18] and Siddhu et al. [19] . The steam explosion technology was selected based on some previous publications [20, 21] . 
Process simulation description for bioethanol production
Process simulation suites can be successfully used to perform the process design of lignocellulosic biorefineries [23] . In the present study, Aspen Plus TM v10 was used to simulate a biorefinery producing bioethanol from lignocellulosic biomass using. Plant capacity of 158,000 t/y of dry feedstock, corresponding to a total of 7200 h per year, was assumed based on common figures reported in the literature [24] [25] [26] . Components from Aspen Plus TM databank were used whenever possible with NREL components and properties being added to complement the missing data from Aspen. Non-random two liquid (NRTL) property method was selected for the simulations. Straw is fed to the pretreatment section based on the Steam Explosion (SE) technology. The steam explosion route was modeled assuming a steam explosion unit using medium pressure steam at 200°C with a residence time of 3 min [27] . After the steam explosion reactor, a flash operation is performed in which the volatile fraction is removed from the product stream, also containing water and biomass degradation products that can act as fermentation inhibitors. A filter separates the solid and liquid fractions from the bottom product of the flash and the stream is then sent to the fermentation section. Figure 1 shows the block diagram of the lignocellulosic biorefinery considered in this work. Separate Hydrolysis and Fermentation (SHF) were employed to convert the biomass into sugar monomers and latter to ethanol. Cellulase enzymes were produced in an in situ plant using a small amount of cellulose as substrate [28] . Hydrolysis was carried at 48°C and the reactions rate was obtained from the published articles referenced in each pretreatment section. The hydrolysis reactor residence time was defined as 84h and afterward, the slurry was cooled to 35°C and sent to the fermentors. Zymomonas mobilis was responsible for the fermentation reactions with a total conversion rate of 95% for the glucose and 85% of the xylose [25] . The fermentation process required a total of 36 h of residence time and the fermentation gases were sent to the vent scrubber in the product purification section. The fermentation broth was initially sent to a beer well and from there it was sent to the beer column. The beer column separates the fermentation broth in three streams. The overhead product is mainly composed of carbon dioxide and a diluted ethanol beer (around 3% w/w). The overhead stream is mixed with the carbon dioxide produced in the fermentation tanks and sent to a vent scrubber where water in a countercurrent flow recovers most of the ethanol carried in the gas stream. The carbon dioxide from the scrubber is vented whereas the water-ethanol stream is sent back to the beer well. The bottom product of the beer column contains unconverted biomass, inorganic impurities and water. The bottom stream is filtered, and the solids are sent for combustion and co-generation of heat and power, whereas the water is sent for wastewater treatment and recycled back to the process. From the beer column, a side stream is drawn with an ethanol concentration of 40% (w/w). This stream is sent to the rectifying column where ethanol is concentrated near to its azeotropic point. The overhead from the rectifying column containing ethanol is fed to the molecular sieves where it is further dehydrated to reach the fuel grade category. The bottom stream from the rectifying column contains water pure enough to be used in the process without further purification. The unconverted biomass and lignin can be burned to produce high-pressure steam and electricity. The lignin stream, coming from the separation section, is sent to the lignin combustion coupled with a Rankine cycle. High-pressure steam is produced in the boiler and is sent to the steam turbine train at three pressure levels [15] . A heat exchanger transfers the heat of the flue-gas produced into the equilibrium reactor to the water, in such quantities to produce steam at 500 °C and 96 bar. At the end of the expansion (5 bar), the steam is still overheated, avoiding problems caused by the presence of water droplets in the latest expansion stages.
A backpressure configuration of the co-generation section was chosen considering the high vapor requirement of the process. The heart of the system is the multistage turbine, connected to an alternator to generate electricity. During the steam explosion, two extractions are performed. The first one at 40 bar and the second one at 16 bar available for any utilities, from which the various steam users in the plant (distillation columns, etc.) are fed. The turbine discharges directly into the low-pressure steam line of the plant (about 5 bar). Since there is no vapor condensation section, the corresponding high cooling water requirements and the high costs and consumptions associated with an air cooling system (towers, fans, etc.) are avoided. The expected expansion rates are those that are usually obtainable in steam turbines, between 82 and 85% (higher for intermediate stages, where the expansion curve is less elongated). Finally, there is a make-up stream for the fluid that performs the thermodynamic cycle. In the water treatment section, the residues of ethanol, glucose, xylose and lignin are transformed into biogas and sent to the cogeneration section and the water is purified or treated for process recycling use [15] . The liquid stream from the beer column containing suspended cellulose is initially hydrolyzed and the resulting stream is sent to an anaerobic digester, where biogas is obtained. The product from the digestor is directed to the combustion area, whereas the water is recycled back to the process.
Figure 1. Ethanol biorefinery block diagram
Biorefinery processes contain several streams with different temperature targets spread along with the plant. A heat integration together with a heat exchanger network can be employed to reduce the utility consumption and the environmental impacts associated with them, and at the same time increase the profitability of the setups. In all the setups, a minimum temperature difference of 10°C was used to calculate the final utility target. The process heat integration also allows the identification of the quality and the amount of steam necessary to supply the process and attune the cogeneration stage for the process requirements.
Process simulation description for biomethane production
The anaerobic digestion (AD) system considered in this work was based on the works of Migliori et al. [29] and Li et al. [30] and it was not included in the process simulation but was considered for environmental aspects. The base of calculation were 20 biogas plants operative in Basilicata. Biogas plants can use as feedstock the organic fraction of the municipal solid waste (OFMSW) or other traditional fermentable material. Feedstock flowrates are summarized in Table 4 . OFMSW (about 27 wt% of solid content) that are continuously pumped in a horizontal reactor keeping a residence time of about one month under mesophilic conditions. The produced gas containing methane, carbon dioxide and contaminants such as hydrogen sulfide and volatile organic compounds is assumed to be treated with an upgrading system consisting of chemical scrubbers and active carbon filters able to obtain highly purified biogas with a CH4/CO2 molar ratio equals to 1.5 [29] . Finally, commercial membranes are used for CH4/CO2 separation obtaining methane with purity higher than 99.5% [30] . Digestate is assumed to be disposed of in landfills.
STRAW
Process simulation was used to obtain the performance of biomethane digester plants. Figure 2 shows the block diagram for the biomethane production plants. Steam Explosion pretreatment was simulated like in the biorefinery case. SE-pretreated straw was fed to the anaerobic digester together OFMSW with a ratio 50/100 respectively. Biogas produced was compress by an isoentropic compressor to 12 bar. Biogas was sent to the membrane unit where biomethane was purified. A small fraction of biomethane was used to produce the medium pressure steam for the Steam Explosion.
Environmental impact analysis
In order to assess the environmental impact of the two different study cases, the total CO2-equivalent emissions for both cases were calculated. Table 5 shows the CO2-equivalent parameters used. Environmental savings for the straw feedstock is the net value related to the carbon dioxide binding from the straw production (1.606 kg of CO2/kg of straw) minus the carbon dioxide emitted in the production process (0.1496 kg of CO2/kg of straw), resulting in a total absorption of 1.456 kg of CO2/kg of straw [35] . The CO2 avoid using OFMSW material (no landfill) was estimated by Perez et al. [32] .
Biomass transport was considered by the ArcGis 10 Network Analyst extension. In particular, in order to find best location for new biomass plants, the location-allocation analysis was performed using the p-median problem solver included in the ArcGis 10 Network Analyst extension [36] . Single biorefinery scenario was applied in this work. [32] 1,597
Gasoline (kgCO2eq/t) [33] 3,765 Fossil methane (kgCO2eq/t) [34] 3,110
RESULTS

Bioethanol production
Simulation results for the ethanol production case are summarized in Table 6 . Ethanol yield was equal to 19% (t/tDRY) using 158 kt/y of straw. Thanks to cogeneration unit burning residual lignin and biogas from wastewater treatment unit, more than 10 MWeGROSS are produced (9.6 MWeNET). Process water consumption is related to the steam consumption for the steam explosion. The plant is selfsustaining from the energy point of view both in terms of electricity consumption (0.6 MWe) and steam consumption for distillation columns and steam explosion, thanks to the thermal integration. However, an enormous amount of flue gas is produced in the cogeneration unit. From the environmental point of view, the production of electricity from the biorefinery provides a strong contribution to the equivalent CO2 savings (about 5.8 tCO2eq/h avoided). The end-life ethanol emissions (1.9 kgCO2/kgEtOH) involve a low CO2 emission of 7.8 tCO2eq/h. Thanks to the short supply chain of biomass the transportation accounts for 0.4 tCO2eq/h, less than the make-up cooling water consumption. Globally, CO2-equivalent emission is equal to 1.1 tCO2eq/h. As shown in Figure 3 , the final CO2-equivalent emission for each GJ of fuel is equal to 10 kgCO2eq/GJ. 
Biomethane production
For the biomethane production case, only 23 kt/y of straw is fed to the existing anaerobic digesters. This limit is due to the number and size of the existing biogas plants in Basilicata and the optimal ratio of organic wastes to lignocellulosic wastes. Electricity is not produced in this case. The amount of water is due to the medium pressure steam consumed in the steam explosion. The total GJ of fuel is higher than that of bioethanol thanks to the high LHV of methane compared to LHV of ethanol. However, a large quantity of CO2 is released into the atmosphere due to the CO2 separated into the membrane separation process. Only a small amount of the methane produced is necessary to produce the medium pressure steam for the steam explosion. Total electricity consumption is very high due to the need to compress the biogas before the membrane separation. A large amount of CO2 has avoided thanks to the use of OFMSW (11.6 t/h), while only 5.9 t/h of saving is obtained from lignocellulosic biomass.
Transportation emissions are negligible because waste and biomass are produced near 20 plants considered. The end-oflife emissions of biomethane are very similar to those of fossil methane, hence a low saving value from the replacement of fossil fuel. Globally, CO2-equivalent emission is equal to 4.6 tCO2eq/h. Consequently, the emission of CO2 is equal to 33 kgCO2/GJ, a value higher than that obtained in the case of bioethanol. This is due to the lack of co-production of electricity in the case of biomethane production.
CONCLUSIONS
In this work, a novel approach to the more sustainable approach to the use of locally available biomass was presented. In particular, the environmental savings for two advanced biofuels production cases were considered: bioethanol production by a novel lignocellulosic biorefinery and biomethane production by co-feeding anaerobic digestion. Available straws in the Basilicata region territory was considered to feed the biorefineries, also considering the transportation environmental costs. The bioethanol production leads to low CO2 emission thanks to higher CO2 absorption by lignocellulosic biomass and the green electricity coproduction. The co-digestion of pretreated lignocellulosic biomass feedstocks leads to high-density fuels production, but globally to higher CO2-equivalent emission per GJ produced. This because of the lack of green electricity coproduction.
The specific equivalent CO2 emissions by biofuels compared to fossil-based traditional fuels leads to bioethanol has advantage property is even higher if we consider the difference between the emissions of traditional fuels and the corresponding biofuels, so ethanol-gasoline and biomethanenatural gas. This because the emissions of natural gas are lower than gasoline total emissions.
On the whole, bioethanol appears a more sustainable option especially if also the consumption of ethanol takes place in the same production region. This would require a huge investment in novel and complex infrastructures. On the other hand, biomethane production technologies are more mature in the near future.
